Mutagenicity on TA98 and YG1024 Salmonella typhimurium strains of pan-fried hamburger extracts and of 24 h post-meal urine from 32 non-smoking volunteers was evaluated. Each participant in the study was GSTM1 and NAT2 genotyped. After cooking the meat showed mutagenic activity (mean ± SD) on strains TA98 and YG1024 of 114 ± 129 and 1437 ± 1536 net revertants/g respectively. Twenty three of 32 urine samples showed clear mutagenic activity (i.e. caused at least a doubling of the number of spontaneous revertants) on the 0-acetyltransferase overproducing strain YG1024, while none of the post-meal 24 h urine samples was clearly mutagenic on strain TA98. Total 24 h post-meal YG1024-active urinary mutagens were well correlated with the levels of mutagen intake with the meal (r 2 = 0.5977, F = 44.58, P < 0.01). In the group under study GSTM1 genotypes did not influence urinary mutagenicity. Highly exposed subjects (n = 15) with the NAT2-ss genotype showed significantly increased levels of urinary mutagenicity on strain YG1024 in comparison with NAT2-R subjects (mutagen intake-adjusted total 24 h mutagen excretion = 1.00 ± 0.29 versus 0.66 ± 0.32, Mann-Whitney U test, U = 12.5, P < 0.05). Our results suggest that the levels of urinary mutagens derived from diets rich in heterocyclic aromatic amines, which are specifically detected by the YG1024 Salmonella strain, are modulated by M4.72-dependent enzyme activity, slow acetylators having higher levels of mutagens in their urine. Subjects with the rapid acetylator genotype, who are known to be at risk for colon cancer, seem to be partially protected with respect to the risk of bladder cancer.
Introduction
High temperature cooking of animal protein-rich food has been shown to lead to the formation of heterocyclic aromatic amines (HAAs), also called thermic amines, which are reported to be mutagenic in short term tests and carcinogenic in animals (International Agency for Research on Cancer, 1993; Adamson et ai, 1996) . HAAs are found at concentrations of the order of parts per billion in some foods (Eisenbrand and Tang, 1993) . In Western diets the daily introduction of these compounds is 1-10 (ig (Eisenbrand and Tang, 1993) , with an estimated overall cancer risk for man of ICh '-lO" 4 (Adamson et at, 1996) . The metabolism of HAAs involves a first phase of A/-hydroxylation catalysed by CYP1A2 (McMar.us et ai, 1990; Turesky et ai, 1991) , followed by M472-dependent O-aceryiation, which gives rise to the ultimate carcinogen, an unstable ester which readily forms DNA adducts (Turesky et al., 1991; Hein et at., 1993) . Intermediate products of HAA metabolism may be detoxified by means of covalent bonding with reduced glutathione (GSH), spontaneously or catalysed by glutathione S-transferases (GSTs), a family of polymorphic enzymes (Ketterer, 1988; Eyer, 1994; Lin et ai, 1994) . A single abundant meal of pan-fried meat implies intake of some dozen micrograms of HAAs, of which a small fraction (<5%) is excreted unmetabolized in urine (Murray et ai, 1989; Sinha et al., 1995) . HAA concentrations of some dozen nanograms have been found after meals containing pan-fried meat and in subjects following their usual diet (Ushiyama et al., 1991; Lynch et ai, 1992) .
The finding of increased urine mutagen activity in subjects eating meat cooked at high temperature has been known for many years (Baker et ai, 1982; Dolara et ai, 1984; Hayatsu et ai, 1985; Sousa et ai, 1985; Doolittle et ai, 1989) . Mutagenic activity is revealed after metabolic activation of urinary promutagens by microsomal enzymes, cannot be enhanced by P-glucuronidase pretreatment (Baker et ai, 1982; Sousa et ai, 1985; Doolittle et ai, 1989) and is mainly due to HAA metabolites (Hayatsu et ai, 1985) . Most urinary mutagenicity is demonstrable a few hours after the meal, reaching peak values within 2-6 h, although there is evidence that increased urinary mutagenic activity lasts up to 24 h (Baker et ai, 1982; Sousa et ai, 1985) .
In man it has been demonstrated that urinary mutagen levels may be influenced by metabolic polymorphism of genetic origin. Urinary mutagen activity is greater in smokers with genotype G57Mi-null (Hirvonen et ai, 1994) and in coke oven workers who are smokers and who have an unfavourable combination of two detoxifying genotypes for PAFL, and aromatic amines (GSrM7-null and NAT2-ss) (Gabbani et ai, 1996) .
The present study evaluated the urinary mutagenicity of nonsmoker volunteers after a meal of pan-fried beef hamburgers on TA98 and YG1024 Salmonella strains. Parallel exposure levels to dietary mutagens and GSTM1 and NAT2 genotypes were determined for each participant in the study.
Materials and methods

Subjects
Healthy non-smoker volunteers took part in this study. Forty four subjects (31.3% male) had previously been genotyped. The frequencies of genotypes NAT2-R and GSTMl-nu\l were 36.4 and 68.2 f /c respectively. From this original population, 32 subjects were chosen so as to have an identical frequency of slow and fast NAT2 genotypes. The frequency of genotype GSTM-mi\l in subjects participating in the complete study was 65.6%.
Participants were asked to fry to taste three 1C0 g beefburgers in their own fat and to eat two of them; the third beefburger was used for the mutagenicity assay. For 24 h before and after the hamburger meal volunteers had been asked to avoid eating high temperature cooked meat, drinking alcohol or coffee and exposing themselves to passive smoking. After urine collection
••To whom correspondence should be addressed. Tel: 498216637; Fax: 498216621; Email: clonfero@uxl.unipd.it the compliance of each volunteer to these recommendations was checked by a questionnaire. None of the subjects was under medication.
Collection of unne samples
After the meal 24 h unne samples were collected from all participants, in order to ensure recovery of all dietary urinary mutagens. Samples in polyethylene containers were frozen at -20°C and kept in the dark until processing.
Extraction of samples Urine. After filtration urine samples were concentrated in glass columns (1.5X 10 cm) packed with washed XAD-2 resin (4 g/100 ml unne) (Yamasaki and Ames, 1977) . After elution the resin was rinsed with water and adsorbed material was extracted with 15 ml acetone. After drying in a rotating evaporator extracts were resuspended in dimethylsulfoxide (DMSO) (250 ml urine/ml DMSO) and placed in the dark at -20°C. Hamburgers. After being cooked the third hamburger was kept at -20°C in the dark. Food mutagens were extracted following the procedure of Doolittle et al. (1989) . Briefly, after thawing the meat was minced and homogenized for 5-10 min in 250-300 ml distilled water with a Polytron apparatus. The pH was adjusted to 2 with concentrated HC1 and the homogenate was then centrifuged at 9000 g for 10 min. The supernatant was removed, the pellet resuspended in 250 ml distilled water and centrifuged again, after correction of the pH to 2. Both supematants were mixed, the pH adjusted to 7 wirh 5 N NaOH and centrifuged for a third time. After two nitrations (mean sieve porosities 160 and 40 |im) under vacuum, the solution was concentrated on 20 g XAD-2 resin. Preliminary experiments had shown that this amount of resin was able to recover 100 and 75% of 100 g meat mutagens on strains TA98 and YG1024 respectively (data not shown). Lastly, the columns were washed with water to eliminate residual histidine and eluted with 200 ml acetone. Extracts were dried under reduced pressure, resuspended in DMSO (40 g meat/ml DMSO) and stored at -20°C in the dark until assay
Mutagemcity assay
The extracts of urine and meat samples were assayed on TA98 and Oacetyltransferase (OAT) overproducing YG1024 (Watanabe et al., 1990) Salmonella typhimurium strains using the plate incorporation preincubation technique in the presence of 50 ul/plate Aroclor 1254-induced rat liver S9 fraction (Maron and Ames, 1983) . At least four different doses were assayed in duplicate, ranging from 0.4 to 12.5 ml for the urine samples and from 0.25 to 2 g or from 0.0625 to 0.5 g for the meat samples on strains TA98 and YG1024 respectively. Spontaneous revertants (mean ± SD) in all experiments (n = 20) were 36 ± 6 and 55 ± 8 for strains TA98 and YG1024 respectively. Benzo[a]pyrene (BaP) (5 |ig/plate) and 2-aminofluorene (2-AF) (0.2 u\g/plate) were used as positive controls. The mutagenic activities of BaP and 2-AF were 531 ± 130 and 48 ± 7 and 871 ± 163 and 565 ± 63 induced revertants on the two strains respectively.
The mutagenic activity of cooked meat was expressed as the number of induced revertants/g meat, calculated on the slope of the linear portion of the dose-response curve. The mutagen intake of each meal eaten by each subject was estimated from the mutagenicity of the third hamburger (net revertants/g meat) multiplied by the weight of the two hamburgers eaten (~200 g). Urinary mutagenic activity was expressed as RJR^, the ratio between revertants at the most effective urine dose (/?J (i.e providing the highest mutagenic response) and spontaneous revertants (R c ). Due to interfering (subtoxic'') components of urine, especially when high volumes of urine were added to the test, a non-linear dose-mutagenic response relationship is often observable. Slope values obtained with a few different doses or from a dose-response curve would underestimate the urinary mutagenic activity value. For this reason urinary mutagenic activity was calculated from the dose giving the highest mutagenic response. This kind of procedure had already been adopted by our research group (Clonfero et al., 1995) .
For those samples with a clearly demonstrable quantity of mutagens (/f,//f c ss 2), the total 24 h urinary mutagen excretion after the meal was calculated, expressed as the number of minimum mutagenic doses (MMDs), by dividing the total amount of urine voided within 24 h after the meal by the minimum quantity of the same urine sample able to double the number of revertants with respect to spontaneous revertion in the bacterial assay. Lastly, for each subject mutagen intake-adjusted total 24 h mutagen excretion was calculated as the ratio between total 24 h mutagen excretion (MMDs) and the mutagen intake derived from the hamburger meal.
GSTMI and NAT2 genotyping GSTM1 and NAT2 metabolic genotypes were determined on white cell DNA from peripheral blood using the PCR technique. At least IX10* frozen cells were used for DNA extraction with saturated NaCl (Andersson et al, 1992) or Chclex 100 (BioRad, Hercules, CA), basically as described by Walsh et al. (1991) . Approximately 5 u.1 resuspended cell pellet were added to 200 p.1 5% Chelex. After 30 min incubation at 56°C samples were mixed at high speed •Percentage of samples with less or more than 100 and 1000 net revertants/ g meat on strains TA98 and YG1024 respectively.
for 5-10 s and incubated in a boiling water bath for 8 min. They were then vortexed and centrifuged for 2-3 min at 10 000-15 000 g, after which 11 uj supernatant were added to the PCR mix. PCR-based GSTM1 and NAT2 genotyping was carried out according to the protocols described by Hou et al. (1995) . A short internal sequence of the GSTMI gene was co-amplified together with the intronless NAT2 coding region as an internal PCR control. Pnmers used for GSTMI amplification were 5'-CTG CAA TGT GTA GGG GGA AG-3' (forward) and 5'-CTG GAT TGT AGC AGA TCA TG-3' (reverse), annealing with the 5'-region of intron 4 and the 3'-region of exon 5 respectively (Hou et al., 1995) . NAT2 primers were 5'-GGA AGC TCC TCC CAG ATG TG-3' (forward, positions 376-395) and 5'-GAG AGG ATA TCT GAT AGC AC-3' (reverse, positions 953-934). The NAT2 PCR product was subjected to restriction analysis with Kpnl, Taql and BamHl, which identify the major slow alleles NAT2*5A/*5B, NAT2*6A/*6B and NAT2*7A/ *7B respectively. In the present work a further allele (NAT2*5C) was detected by including Dde\ digestion.
Statistical analysis
Statistical compansons between various groups were made using the MannWhitney U test.
Results Table I shows the levels of mutagenic activity of pan-fried hamburgers on Salmonella typhimurium strains TA98 and YG1024. Strain YG1024 was capable of revealing mutagenic activity of cooked meat ~10 times more sensitively than that obtained using the traditional strain TA98 (1437 ± 1536 versus 114 ± 129 net revertants/g meat on YG1024 and TA 98 respectively). Mutagenic activity was highly variable, ranging from 2 to 478 and from 0 to 5580 net revertants/g meat on TA 98 and YG1024 respectively. High levels of mutagens (> 100 and > 1000 net revertants/g meat on TA98 and YG1024 strains respectively) were detected in 40.6 and 46.9% of samples on the two strains.
Genotypes NAT2 and GSTMI, mutagen intake and mutagenic activity of 24 h urine samples of each volunteer included in the study are reported in Table II . The mutagen intake of a single meal of pan-fried hamburgers ranged from 0.3 to 102 and from 0 to 1172 net revertants/10 3 on TA98 and YG1024 strains respectively. On strain YG1024 23 of 32 subjects (72%) had urine positive for mutagenic activity (RJR C > 2). For these samples the total 24 h mutagen excretion ranged between 91 and 718 MMDs. On strain TA98 none of the 24 h urine samples was definitely positive for mutagenic activity {RJR Q >2). Table III shows urinary mutagenic levels according to meal mutagen intake. High and low exposure groups corresponded to a mutagen intake of more or less than 20 or 200 net revertants/10 3 on TA98 and YG1024 strains respectively. The presence in urine of mutagens after the meal was clearly evident on strain YG1024. The RJR C values (mean ± SD) were double in more heavily exposed subjects (4.6 ± 2.6 versus 2.0 ± 0.6, Mann-Whitney U test, z = 3.98, P < 0.01) and total 24 h mutagen excretion was five times higher (412 ± 184 versus 73 ± 96 MMDs, Mann-Whitney U test, z = GSTM1/NAT2 genotypes and dietary urinary motagens of pan-fried meat (in decreasing order of mutagens eaten with meal) Urine sample •High or low, more or less than 20 or 200 net revertants/10 3 mutagen intake respectively on strains TA98 and YG1024. b RJR& ratio between net revertants at most effective dose and spontaneous revertants. 'Number of minimum mutagenic doses (MMDs) in 24 h urine samples Statistical comparison high versus low dietary mutagen exposed subjects, Mann-Whitney U test d P < 0.05; C P < 0.01.
4.42, P < 0.01). Moreover, on strain YG1024 total 24 h mutagen excretion was well correlated with the levels of mutagen intake with the meal (r 2 = 0.5977, F = 44.58, P < 0.01). On the other hand, although none of the 32 urine samples was able to double the number of spontaneous revertants {RJR^ 3* 2), the mutagenic activity (mean ± SD) on strain TA98 was slightly but significantly higher in the high exposure group than in the low exposure group (RJR C = 1.5 ± 0.4 versus 1.3 ± 0.2, Mann-Whitney U test, z = 1.82, P < 0.05). Table IV shows urinary mutagen activity on strain YG1024 of 15 subjects exposed to a high dietary intake (>200 net revertants/10 3 mutagen intake; see Table HI) according to GSTM1 and NAT2 genotype. Significantly greater excretion of mutagens in slow with respect to fast acetylators was observable (mutagen intake-adjusted total 24 h mutagen excretion =1.00 ± 0.29 versus 0.66 ± 0.32, Mann-Whitney U test, U = 12.5, P < 0.05). Post-meal urinary mutagenicity, without adjustment for mutagen intake, derived from each hamburger meal was not significantly higher in slow with respect to fast acetylators (Rf/Rc = 5.1 ± 2.3 versus 4.2 ± 3.0, total 24 h mutagen excretion 471 ± 197 versus 360 ± 166 MMDs). In the same highly exposed subjects no differences in mutagen excretion after the meal were observable, either when comparing GSTMlnull with positive genotypes or the combination of genotype GSrAf/-null and slow acetylator with other combinations. In the less exposed group (n = 17) no statistically significantly different urinary mutagenicity, however evaluated, was observable when subjects with different genotypes were compared (data not shown).
Discussion
The influence of GSTMl and NAT2 genotypes on the urinary mutagenicity of non-smoker volunteers after a meal of panfried beefburgers was evaluated.
Cooked meat mutagenic activity was more evident, ~10 times but up to 60 times greater, using strain YG1024 rather than strain TA98, revealing the greater sensitivity of strain YG1024 than TA98 to complex cooked meat mutagens, as has already been shown for single heterocyclic amines (Wild et al, 1991; Boobis et al, 1996) . On the other hand, for TA98 the mean mutagenicity values of the hamburger extracts were similar to those already reported by other authors (see for example Sousa et al, 1985; Doolittle et al., 1989) : -50% of the samples were only slightly mutagenic (<100 revertants/g meat). Moreover, a great variability in mutagenic activity of cooked meat, both on TA98 and YG1024, was found. These results could be explained by the fact that the volunteers who participated in our study cooked the meat the way they liked it. The formation of HAAs especially depends on cooking method and above all prolonged cooking at temperatures exceeding 200°C causes many mutagens to form in meat (Berg etal, 1988 (Berg etal, , 1990 .
In our 24 h post-meal urine samples clear increased mutagenic activity on the oversensitive YG1024 strain was evident. Twenty three of 32 urine samples (72%) were able to double the number of spontaneous revertants {RJR C 3= 2). This finding shows that the YG1024 strain, overexpressing Oacetyltransferase, is highly sensitive to urinary mutagens from the diet, confirming what was already known for mutagens in tobacco smoke (Einisto et al, 1990; Hirvonen et al, 1994; Smith et al, 1996) . On the other hand, urinary mutagenic activity on strain TA98 following the meal was only slightly evident. Although this finding confirms results by other authors (Dolara et al, 1984) , it can also be definitely concluded that this strain is less sensitive than YG1024 in detecting urinary excretion of mutagens deriving from the diet. Moreover, the overall excretion of mutagens detected on YG1024 are well correlated with the levels of mutagen intake with the meal, suggesting that urinary activity can be used as an index of exposure to dietary mutagens (i.e. HAAs).
In the high exposure group fast acetylators had fewer YG1024-detectable mutagens in their urine with respect to slow acetylators. The detoxifying mechanism of N-acetylation, which is NAT2 mediated in the liver, has been viewed as a metabolic pathway of little importance for HAAs, unlike aromatic amines (Turesky et al, 1991; Hein et al, 1993) . Our results could indicate that after N-hydroxylation in the liver and subsequent to Oacetylation in the colon mucosa HAAs undergo sequestration of active metabolites as stable adducts with DNA (Hein et al, 1993; Totsuka et al, 1996) .This mechanism, more efficient in rapid acetylators, reduces the quantity of HAA metabolites which reach the bloodstream and then the urinary fluid.
The intermediate metabolites of HAAs may be detoxified by binding covalently to GSH, either by a spontaneous reaction or mediated by GSTs, mainly of the a and n types (Eyer, 1994; Lin et al, 1994) . The negative finding of an influence of metabolic genotype GSTMl in modulating urinary levels of dietary mutagens in our subjects confirms the slight importance of this detoxifying mechanism for HAAs. Conversely, other environmental compounds such as PAHs and tobacco smoke mutagens are rapidly detoxified in the liver by GSTMl (Ketterer et al, 1992) , resulting in reduced urinary excretion of mutagens in GSTM/-positive tobacco smokers and coke oven workers (Hirvonen et al, 1994; Gabbani et al, 19%) .
In conclusion, our results, although not yet conclusive due to the small number of subjects studied, suggest that slow acetylators consuming high quantities of 'well-done' meat have higher levels of dietary mutagens in their urine, while subjects with the rapid acetylator genotype, who are known to be at risk of colon cancer (Minchin et al, 1993) , have lower levels of mutagens in their urine and therefore seem to be partially protected against the risk of bladder cancer.
